Background Cardiac rehabilitation (CR) is an established means of reducing mortality, yet is grossly underutilized. This is due to both health system and patient-level factors; issues that have yet to be investigated concurrently. This study utilized a hierarchical design to examine physician and patient-level factors affecting verified CR enrollment. Design A prospective multisite study, using a multilevel design of 1490 coronary artery disease outpatients nested within 97 Ontario cardiology practices (mean 15 per cardiologist). Methods Cardiologists completed a survey regarding CR attitudes. Outpatients were surveyed prospectively to assess factors affecting CR enrollment. Patients were mailed a follow-up survey 9 months later to self-report CR enrollment. This was verified with 40 CR sites. Results Five hundred and fifty (43.4%) outpatients were referred, and 469 (37.0%) enrolled in CR. In mixed logistic regression analyses, factors affecting verified CR enrollment were greater strength of physician endorsement (P = 0.005), shorter distance to CR (P = 0.001), being married (P = 0.01), and fewer perceived CR barriers (P = 0.03).
Introduction
Cardiovascular disease is the leading cause of morbidity and mortality in the developed world [1] . Secondary preventive efforts such as cardiac rehabilitation (CR) can greatly reduce this burden. CR is an evidence-based outpatient program of structured exercise, education, psychosocial support, and risk reduction. Among other benefits, evidence from Cochrane systematic reviews as well as meta-analyses [2, 3] demonstrate that CR reduces mortality by approximately 25%.
Unfortunately, however, CR is grossly underutilized. Rates of CR participation are approximately 15-20% in North America, Europe, and Australia [4] [5] [6] [7] [8] . CR is underused even in those clinical situations where clinical practice guidelines indicate that it will improve prognosis, and perhaps delay or prevent the use of expensive procedures [3, 9] . Although underuse represents inferior quality of care, it is essential that factors related to the lack of CR referral are explored.
The process of moving patients through the cardiac care system from acute care to CR involves actions on behalf of healthcare providers, and also on behalf of patients. The CR enrollment process is dependent upon patients being informed about CR by a healthcare provider, and then the referred patient must attend an intake assessment, and ultimately participate in the program. The literature examining physician-level variables affecting CR utilization is lacking [10, 11] , whereas the literature examining patient variables affecting CR enrollment is abundant [5, 6, [12] [13] [14] [15] [16] . To date, however, there has been no research examining the contribution of physician and patient-level factors to suboptimal CR enrollment using a multilevel approach. The objective of this study was to concurrently investigate the contribution of physician and patient-level factors to CR enrollment in a broad sample of cardiologists and their patients.
Methods

Design and procedure
This was a prospective study, using a multilevel design of outpatients nested within cardiologists' practices. Upon receiving ethics approval from participating institutions, a sample of cardiologists was generated through a national physician registry, CMD Online (www.mdselect.com), and basic sociodemographic data were extracted. Consenting cardiologists completed a survey assessing their CR attitudes. They were also visited by a research assistant to extract a consecutive sample of approximately 20 each of their recent coronary artery disease (CAD) outpatients who were eligible for CR. With informed consent by the patients, basic clinical data were recorded from their charts, and they were mailed a self-report survey assessing factors affecting healthcare utilization. Nine months later, participants were mailed a second follow-up survey assessing self-reported CR enrollment. Patient postal codes and CR site postal codes were used to compute distance in kilometers and total drive time between participant's home and the closest CR site using Geographic Information Systems. Forty CR sites to which participants reported enrollment were contacted for verification. Analyses ensued in 2007.
Participants
Ninety-seven cardiologists consented to participate. Inclusion criteria consisted of having a nonpediatric practice, located in a major centre in the Windsor to Ottawa corridor of Ontario, Canada to ensure proximity to CR, and actively treating CAD outpatients. Table 1 displays the characteristics of participating cardiologists.
Of the 2486 consecutive CAD outpatients mailed, 1490 consented to participate and 413 were ineligible (72% response rate). This represents a mean of 15.3 patients per cardiologist. CAD diagnosis was confirmed through chart abstraction based on standard criteria of detailed history, focused physical examination, diagnostic ECG changes (i.e. Q waves, and/or ST-T segment changes), and/or troponin levels above the 99th percentile of normal. Patients who had undergone percutaneous coronary interventions, coronary artery bypass surgery, or concurrent valve repair were also eligible. Patients were eligible for the study if they were seen by their cardiologist in an outpatient setting between 2004 and 2006. Reasons for ineligibility were as follows: lack of English language proficiency (n = 145; 35.1%), could not locate the patient (n = 86; 20.8%), no CAD diagnosis (n = 41; 9.9%), orthopedic, neuromuscular, cognitive or vision impairment (n = 37; 9.0%), expired (n = 34; 1.4%), nonrecent index event or treatment (n = 18; 4.4%), ineligibility for CR based on Canadian guidelines [17] , earlier attendance at CR (n = 5; 1.2%), nondysphoric psychiatric conditions (n = 3; 0.7%), and other reasons (e.g. moved out of the country; n = 34; 8.2%).
Measures
CR enrollment by patients was assessed via self-report in the follow-up survey, and verified with the CR site as attendance at an intake appointment (yes/no).
Environmental (i.e. physician-level variables) and individual factors (i.e. patient-level variables) affecting CR enrollment were assessed in accordance with Andersen's Behavioral Model of Healthcare Utilization [18] (see Fig. 1 ). Physician-level factors included sociodemographic variables such as sex, graduation year, and location of medical school (Ontario, Canada, international). These factors were extracted from the online physician database. In the physician survey, physicians were asked to estimate their weekly patient volume. They were also asked to rate their attitudes toward CR and barriers (including health system barriers) through investigatorgenerated items [11] . Nineteen Likert-type items were rated on a scale from 'strongly agree' to 'strongly disagree'.
Patient-level factors affecting CR enrollment incorporated into the surveys were those shown in the literature to be related to CR [19, 20] and are again in accordance with Andersen's model [18] (Fig. 1 ). Andersen conceptualizes the patient-level factors as (i) characteristics predisposing utilization, (ii) characteristics enabling utilization, and (iii) need. Predisposing factors exist before the onset of illness and describe the inclination of individuals to use health services. Enabling factors are the barriers and facilitators to the use of health services. Need factors are the objective and subjective aspects of The Beck Depression Inventory-II [21, 22] was used to assess depressive symptoms. It is a reliable and wellvalidated 21-item scale that uses a forced-choice fouralternative response format. It has been widely used in the general population and in populations with long-term illness, including cardiac problems [23] [24] [25] [26] [27] [28] [29] . Higher scores reflect greater depressive symptomatology, with scores more than 10 reflecting mild-to-severe symptomatology.
Enabling factors
The sociodemographic characteristics of marital status and living arrangements were assessed in the baseline survey. Investigator-generated items assessed in the follow-up survey included the type of referring physician (cardiac specialist vs. other), the strength of provider CR endorsement (rated from 1 'not at all strongly' to 5 'very strongly'), and the number of visits to a cardiac specialist and primary care physician in the intervening 9 months.
Actual distance and travel time to CR were computed. Participants' homes and CR sites in southern Ontario were mapped by postal code, to generate distances in kilometers and drive time in minutes to the closest CR site. The list of CR sites was based on the Canadian Association of CR, CR Network of Ontario, and Canadian CR Foundation directories, and those identified by participants in the survey. CR sites in the southern Ontario corridor were cross-referenced with patient postal codes using Geographic Information Systems. Nineteen investigator-generated items [19] assessing patient facilitators and barriers to CR enrollment were administered in the follow-up survey. Sample items included perceived distance, time constraints, and having exercise equipment at home. Responses were made on a 5-point Likert-type scale from 'strongly disagree' to 'strongly agree'. The internal consistency was a = 0.92, and nearly all of these variables were significantly related to enrollment. Therefore, a total score was computed.
The Exercise Benefits/Barriers Scale (EBBS) was used to determine respondent's health beliefs concerning participation in exercise [30] . The EBBS is a 43-item instrument that uses a 4-point Likert scale with responses ranging from 4 (strongly agree) to 1 (strongly disagree). Mean benefit and barrier scores were computed.
The ENRICHD Social Support Inventory (ESSI) [31] is a 7-item measure developed and validated in a cardiac randomized controlled trial. It includes items regarding structural, tangible, and emotional aspects of support found to be predictive of outcome in cardiac patients.
The Illness Perception Questionnaire (IPQ-R) [32] was incorporated to assess cognitive representations of cardiovascular disease. The personal control subscale of the IPQ-R was incorporated as an enabling factor. All items were scored on a 5-point Likert-type scale. A mean subscale score was computed, with higher scores denoting greater perceived control.
Need factors
The following IPQ-R [32] subscales were included as need factors: the timeline (acute/chronic), timeline cyclical or episodic, consequences, and treatment cure/controllability. All items are scored on a 5-point Likert-type scale, which ranges from strongly disagree to strongly agree. Mean subscale scores were computed with higher scores denoting greater endorsement of the given construct.
Clinical indicators of perceived need included Canadian Cardiovascular Society [17] class as available, and cardiac risk factors (i.e. diabetes, body mass index, smoking, family history, hypertension). These variables were extracted from clinical charts where available, and risk factor data were supplemented with patient self-report if missing.
The Duke Activity Status Index [33] is a brief 12-item, self-administered survey to determine functional capacity. Participants were asked about their ability to perform common activities of daily living, such as personal care, ambulation, household tasks, sexual function, and recreational activities, which are each associated with specific metabolic equivalents. This valid and common tool correlates highly with peak oxygen uptake [34] .
The Physical Activity Scale for the Elderly [35] is a brief and reliable instrument to assess physical activity in epidemiological studies of persons aged 65 years and older. The Physical Activity Scale for the Elderly comprises self-reported occupational, household, and leisure activities during a 1-week period.
Statistical analyses
The following analyses were conducted using SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA) [36] . A descriptive examination of self-reported and verified CR enrollment was performed. Bivariate screening based on CR enrollment was performed on the physician and patient-level variables using w 2 and t-tests as appropriate. This was performed to enable variable selection for an adjusted model based on theoretical (i.e. Andersen's model) and empirical (i.e. P < 0.1) criteria. Significant variables were screened for multicollinearity, and in some cases decisions were made to exclude variables from the model. For instance, CR distance and travel time were highly correlated, and given the greater t value for distance, it was chosen for inclusion in the model. Similarly, exercise barriers and benefits were highly correlated, and benefits were chosen for inclusion. With regard to illness perceptions, the timeline cyclical, consequences (trend only) and cure/controllability subscales were highly correlated, and the latter subscales were excluded. Finally, with regard to physician items assessing CR attitudes, items 16, 17, and 18 were highly correlated (see Table 4 ). A principal components analysis was done of all 19 variables, and these three items loaded highly ( < 0.8) on one factor, which explained the greatest degree of variance. A variable was computed based on the mean score on these 3 items. Overall checks of statistical assumptions also revealed the distance to CR variable to be highly skewed, and therefore rank of distance was entered into the model. Finally, mixed logistic regression analysis predicting verified CR enrollment was conducted using R [37, 38] , which takes into account the clustering of patients within physicians.
Results
Respondent characteristics
Of the 1490 consenting patient participants, 1268 were retained at the 9-month assessment and 86 were ineligible [retention rate = 1268/(1490 -86) = 90.3%].
Reasons for ineligibility were as follows: unable to reach/incorrect contact information (n = 37; 43.0%), expired (n = 24; 27.9%), new onset of an orthopedic, neuromuscular, cognitive, psychiatric or vision impairment (n = 6; 7.0%), and other reasons (n = 19; 22.1%) such as too ill to participate or moved out of the province/ country. Characteristics of participants and those who refused or were ineligible at follow-up are summarized in Table 2 . Tables 3 and 4 display the patient and physician scores by verified CR enrollment. In bivariate analyses, the following patient-level factors were related to CR enrollment: younger age, employment, greater education, greater family income, fewer comorbid conditions that affect ability to exercise, less depressive symptoms, closer distance and travel time to CR, being married or common law partner (trend), greater exercise benefits and fewer barriers, greater perceived personal control over cardiac illness, referral by a cardiac specialist (trend), perceived strength of provider endorsement, fewer CR barriers, greater functional status, and the illness perceptions of cure/controllability, timeline cyclical and illness consequences (trend). In bivariate analyses, the following physician-level attitudinal items were related to CR enrollment: intentions to refer, and the composite mean of items 16, 17, and 18, which represent positive perceptions of CR. The mixed logistic regression analysis shown in Table 5 revealed the following variables to be related to CR enrollment: shorter distance to CR, greater strength of physician CR endorsement, being married, and patient perceptions of fewer CR barriers, with a trend for greater functional status and perceived exercise benefits.
Discussion
Few multilevel studies assessing medical practice and health service use variation, and even fewer studies examining rehabilitation, or CR specifically have been observed. This study has been the first to concurrently examine a comprehensive list of multilevel factors affecting CR enrollment in a broad sample of CAD outpatients and their cardiologists, in a theoretically based and hierarchical manner. Although overall results confirm those presented in the literature to date [12, 13, 39, 40] , findings strongly demonstrate how factors at multiple levels interact in CR enrollment patterns. Overall, according to Andersen's Behavioral Model of Healthcare Utilization [18] , environment-level and patient-level enabling factors were central to CR enrollment in the adjusted model. Similar to our results, earlier research has consistently identified the importance of physician endorsement in CR utilization [40] [41] [42] . Whether this lack of endorsement is due to time constraints during healthcare visits, negative physician perceptions of CR, or perception that other healthcare providers should provide such endorsement is unknown. A recent randomized controlled trial, however, shows that physician CR endorsement is not effective in written format when compared with no endorsement [43] ; thus, given our findings, studies of verbal physician endorsement should be pursued. Although there has been much discussion of this issue in the literature, interventions are needed to ensure physician CR endorsement to patients. Increasing awareness among physicians regarding the importance of their CR endorsement should be pursued, given that advice by physicians is more likely to be heeded than advice from other healthcare providers. Such endorsement could be included in cardiac care maps for example.
Enabling factors are those that serve as barriers or facilitators to CR enrollment. Factors identified in this study were marital status, CR barriers, and distance to CR. Earlier research has identified these factors as important in CR utilization [39, 40] . Having spousal support, for instance, has been shown to positively affect CR participation, and involving spouses in referral discussions, or enlisting the support of adult children where patients do not have a partner [44] could promote greater CR enrollment.
Patients' CR barriers were related to enrollment. These barriers include transportation issues, time constraints because of family or work responsibilities, exercise in one's home or community, comorbidities, and perceiving exercise as tiring or painful, for example. Healthcare providers should work with patients to identify and address these common barriers and facilitators during CR discussions. For instance, securing alternate means of transportation, identifying CR programs with evening classes, and discussion of the individualized nature of exercise prescriptions based on a patient's abilities, comorbidities, and preferences may increase CR enrollment.
Distance and drive time to CR can be viewed as either an environmental/health system-level issue or a patient enabling factor. CR siting decisions have generally not been made on the basis of a thorough analysis of regional need, but generally emerge through local CR champions, such as physicians. This has resulted in CR service maldistribution [9] . Moreover, patients who reside in rural areas invariably face geographic barriers to healthcare utilization such as CR [45] . Results show that patients take geography into consideration when making enrollment decisions. Promotion of home-based CR services for patients with geographic barriers should be more widely advocated to ensure universal access to CR services. This mode of CR service delivery has been shown to be efficacious, safe, and cost-effective [46, 47] . Patient-level predisposing and need factors were unrelated to CR enrollment in the hierarchical model. This is both encouraging and disconcerting. With regard to predisposing factors, the fact that characteristics such as sex and ethnocultural background were unrelated to CR enrollment suggests that we are overcoming inequalities in CR enrollment. In contrast, whereas all eligible patients should be referred for CR universally as recommended in clinical practice guidelines [17] , the fact that need factors such as disease severity and risk factor status were unrelated to CR enrollment is Items were rated on a scale from 1 'strongly agree' to 5 'strongly disagree'. CR, cardiac rehabilitation. disheartening. Both objective and subjective (i.e. illness perceptions) indicators of need were incorporated into the study, and in adjusted analyses there was only a trend for a difference in CR enrollment by activity status. In fact, the trend showed that participants with greater need or those with a lower activity status were significantly less likely to enroll in CR. Use of risk factor burden and disease severity information could ensure CR access to cardiac patients who need it most. All patients in the sample, however, had verified indications for CR, and thus 'needed' such services.
Although comprehensive reviews of patient-level factors affecting CR enrollment can be found in the literature [12, 13, 39, 40] , this research shows that we can no longer focus solely on the patient level without examining the broader issues affecting CR at the physician and health system level. Moreover, although there have been calls in the literature to develop means to overcome underutilization of CR services, few interventions have been developed, tested or implemented, particularly at the physician level [48] . Our group has demonstrated the potential of automatic referral in doubling rates of CR utilization [19, 49] . Automatic referral, however, generally precludes physician endorsement of CR to patients, and thus means to further optimize CR enrollment must be explored.
Caution is warranted when interpreting these results, most notably because of threats to generalizibility. Retained participants were more likely to be older, married, white, higher income, and with higher activity status than nonparticipants. Moreover, results may not be generalizable to other healthcare systems, particularly those where CR services are not covered. Replication is warranted.
Conclusion
This study has concurrently examined physician and patient factors affecting CR enrollment. CR enrollment is associated with greater physician endorsement of CR, being married, shorter distance to CR, and fewer barriers. Results suggest that enrollment is not related to disease severity or rehabilitation need. Health system, physician, and patient factors play a role in patient enrollment decisions, and thus multilevel interventions are needed to optimize CR enrollment, and ultimately cardiac health.
